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SYSTEM AND METHOD FOR PROCESSING A SIGNAL 

RELATED APPLICATIONS 
Not Applicable 

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
Not Applicable 

MICROFICHE APPENDIX 
Not Applicable 

FIELD OF THE INVENTION 

The present invention relates to the field of receiving wireless 
communications. 

BACKGROUND OF THE INVENTION 

A variety of technologies are used to transmit and receive wireless 
communications. Among these wireless technologies are satellite services, wireless 
communications service (WCS), personal communications service (PCS), cellular, and 
multipoint multichannel distribution service (MMDS). Many of these wireless 
technologies have equipment on towers to transmit and receive communications. For 
example, antennas are located on the towers to transmit and receive communications, and 
other equipment is located at the base of the towers to process communications for 
transmitting or to process communications that have been received. 

With the MMDS technology, for example, large transmission lines are 
used to carry the communications between the antennas and the base of the towers. 
These transmission lines typically are thick, heavy, and allow much of the 
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communication signal to be lost due to noise and resistive loss. Also, they have a 
significant impact on tower loading. In addition, the transmission lines are subject to 
radio frequency (RF) interference from nearby RF sources. Therefore, an improved 
system is needed to carry communications between the antenna and the base of towers to 
reduce tower load and to decrease unwanted RF ingress. 

SUMMARY OF THE INVENTION 

The present invention is directed to a system for receiving a 
communication signal having a frequency. The system comprises a timing source 
configured to generate a stable timing signal and a stabilized local oscillator configured to 
receive the stable timing signal and to use the stable timing signal as an input to generate 
a stabilized oscillator signal. The system also comprises an antenna configured to receive 
the communication signal at the frequency and a block converter configured to use the 
stabilized oscillator signal to convert the frequency of the signal to a stable lower 
frequency. The system further includes a fiber optic transmitter configured to convert the 
lower frequency signal to an optical signal and to transmit the optical signal over fiber 
optic cable. A fiber optic receiver is configured to receive the optical signal over the fiber 
optic cable. 

The present invention also is directed to a method for receiving a 
communication signal having a receiving frequency. The method comprises generating a 
stable timing signal and using the stable timing signal as an input to a local oscillator to 
generate a stabilized oscillator signal. The communication signal is received. The 
receiving frequency of the communication signal is converted to a stable lower frequency 
using the stabilized oscillator signal. The lower frequency signal is converted to an 
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optical signal, and the optical signal is transmitted over fiber optic cable. The optical 
signal is received over the fiber optic cable. 

The present invention is directed to other systems and methods that 
include fewer or greater limitations as described more completely below. In addition, the 
5 present invention is directed to systems and methods that include other limitations as 
described more completely below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a wireless communication system in 
accordance with an embodiment of the present invention. 

u 

JO 10 Figure 2 is a block diagram of an expanded wireless communication 



CO 



system in accordance with an embodiment of the present invention. 

Figure 3 is a block diagram of another wireless communication system in 
accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION 
15 Many wireless communication technologies use towers to receive and 

transmit communications. These towers typically have a receiving and/or transmitting 

antenna and additional components to process received communication signals or to 

process or generate communication signals to be transmitted. 

These towers typically use thick transmission lines to carry 
20 communication signals between the antenna and the base of the tower. Thick RF 

transmission lines are used because high frequency communication signals are 

transmitted between the antenna and the base of the towers, and many of these high 

frequency communication signals are transmitted. 
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Because the transmission lines typically are thick, they place a heavy load 
on the tower. The heavy load of the thick transmission line limits the number of 
transmission lines that can be placed on the tower, thereby limiting the number of 
communication signals that can be carried between the antenna and the base of the 
towers. 

Also, electrical interference and interference from radio frequency (RF) 
emissions can reduce the quality of the communications being transmitted on a 
transmission line. Noise and other interference ingressing into the transmission line 
distorts the communication signals being transmitted on the transmission line. 

These wireless technologies also sometimes use block converters at the 
base of towers to lower communication signals in frequency. These block converters 
have a local oscillator whose input frequency tends to move around. Thus, the output of 
the block converter is not stable and subject to drift. 

The wireless communication system of the present invention uses optical 
transmissions on fiber optic cable to carry communication signals between the antenna 
and the base of the tower. This significantly lightens the load on the tower. As a result, 
bandwidth capacity is increased while tower loading is reduced. 

As used herein, the terms "signal" or "communication signal" mean a 
communication that may be received and/or transmitted. A signal may be a wireless 
signal or a wireline signal. A signal may have user communications, such as voice, data, 
or video, and/or call signaling or control messages, such as device instructions. 

As used herein, the term "fiber optic cable" means one or more optical 
fibers over which signals can be transmitted optically. Fiber optic cable may or may not 
include multiple fibers, strength members, metallic conductors, and/or other protective 
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cladding or outer jackets. In addition, there are other methods to manufacture fiber optic 
cable, and it may include other internal support structures. 

The fiber optic cables can carry a significantly greater number of 
communication signals than other RF transmission lines such as coax cable, thereby 
5 increasing the capacity of the number of communication signals that can be handled by 
any one tower. Thus, more antennas may be placed on a tower, and more communication 
signals can be received at the antennas and transmitted to the base of the tower because 
each fiber optic cable has greater capacity and because a greater number of cables can be 
placed on the tower to carry communication signals. 
10 Because fiber optic cable is used in the wireless communication system, a 

M cost savings may be realized with equipment and maintenance costs. The fiber optic 
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W cable use results in a reduction in tower load and an increase in bandwidth capacity. 

*~ The mid and upper portions of the towers typically have electrical 
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Ij, interference created by electrical storms, RF interference created by other communication 

pj 15 signals, or other electrical, electromagnetic, and/or RF interference (herein, electrical 
interference). This interference can penetrate the components at the mid or upper portion 
or the base of the communication system, and interference or noise can ingress into the 
communication system. 

However, electrical interference does not affect fiber optic cable or 
20 communication signals being transmitted on the fiber optic cable. Therefore, because 
fiber optic cable is used to transmit the communication signals between the antenna and 
the base of the tower, the components at the mid or upper portion of the tower are 
electrically isolated from the components at the base of the tower. Thus, electrical 
interference at the mid and upper portions of the tower will have little, if any, effect on 
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components at the base of the tower or the communication signals being transmitted. 
This results in improvement in the quality of the communication signals being received at 
the base of the towers. 

In addition, the wireless communication systems of the present invention 
5 use a stable timing signal, such as a global positioning system (GPS) timing signal or 
another stable timing signal, to stabilize a local oscillator in a low noise block converter 
(LNB). The stable timing signal enables the LNB to output a more stable communication 
signal that has less drift and, therefore, has increased quality. 

In some embodiments, the wireless communication system uses 
10 alternating current (AC) power to power system components. The AC power helps 
reduce electrolysis of components. 

The wireless communication system preferably can be used with 
multipoint multichannel distribution service (MMDS). MMDS is a wireless technology 

[7 that uses fixed stations to transmit communication signals to, and receive communication 

jry 

ry 15 signals from, multiple fixed facilities, typically between approximately a 1.7-2.7 
gigahertz (GHz) frequency. Other frequencies may be used. The stations and facilities 
currently are within line-of-sight of each other. Future applications may or may not 
require line-of-sight. MMDS provides a platform for advanced services and features, 
such as broadband data, voice, video, and high-speed internet access. 
20 The wireless communication system also can be used with other wireless 

technologies, such as satellite service, personal communication service (PCS), wireless 
communications service (WCS), and cellular service. One skilled in the art will 
understand that the wireless communication system may be modified for other wireless 
technologies. 
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Figure 1 illustrates an exemplary embodiment of a wireless 
communication system of the present invention. The wireless communication system 
102 receives communication signals at a tower, converts the communication signals to 
optical signals, and transmits the optical signals to a receiving location. In this example, 
the wireless communication system 102 converts the optical signals to electrical signals 
at or near the base. However, in other examples, the optical signals may be converted at a 
hub, within a range of the base of a tower, or at another location. Alternately, the optical 
signals may not be converted to electrical signals at all. The wireless communication 
system 102 of Figure 1 has a wireless receiving system (WRS) 104, a main converting 
system (MCS) 106, a redundant converting system (RCS) 108, a stabilizing system 110, 
and an optical receiving system (ORS) 112. 

The WRS 104 receives wireless communication signals. Preferably, the 
WRS 104 filters the communication signals to block emissions and other communication 
signals that are not within a desired frequency. 

The MCS 106 amplifies the amplitude of the communication signal. The 
MCS 106 converts the communication signal to a stable intermediate frequency (IF) 
signal. The MCS 106 has a local oscillator that produces a stable oscillator signal used to 
convert the communication signal to the stable IF signal. In addition, the MCS 106 
converts the IF signal to an optical signal and transmits the optical signal over fiber optic 
cable. The MCS 106 is used as the primary converting system. 

The RCS 108 amplifies the amplitude of the communication signal and 
converts the communication signal to a stable IF signal. The RCS 108 has a local 
oscillator that produces a stable oscillator signal used to convert the communication 
signal to the stable IF signal. In addition, the RCS 108 converts the IF signal to an 
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optical signal and transmits the optical signal over fiber optic cable. The RCS 108 is used 
as a backup converting system if the MCS 106 cannot be used for a particular signal. For 
example, the RCS 108 may be used if the MCS 106 is not functioning. In other 
embodiments, it may be used for additional capacity. 
5 The stabilizing system 1 10 stabilizes the MCS 106 and the RCS 108 with 

a stable timing signal, such as a GPS timing signal, so that the MCS and the RCS can 
convert the communication signals to a lower intermediate frequency. Each of the MCS 
106 and the RCS 108 have a local oscillator that is subject to drift, thereby introducing 
unstable drift to the communication signal. The stable timing signal is a stable signal 
10 that, when input into the local oscillator, operates to correct the drift of the local oscillator 
so that the local oscillator has a stable output that does not deviate from its desired 
frequency. The stabilizing system 110 also distributes electrical power to the MCS 106 
and the RCS 108. 

The ORS 112 receives the optical signal from one or both of the MCS 106 
15 or the RCS 108. The ORS 112 may convert the optical signal to an electrical signal. The 
ORS 112 transmits the electrical signal or optical signal to the next component of the 
wireless communication system 102. 

The wireless communication system 102 of Figure 1 operates as follows. 
In a first example, the WRS 104 receives a communication signal. In addition to the 
20 received communication signal, other emissions are received at the WRS 104. However, 
the WRS 104 filters the emissions from the signal and passes the communication signal 
to the MCS 106. 

The MCS 106 amplifies the communication signal. The MCS 106 uses a 
stable timing signal, an amplified communication signal, and a stable (local) oscillator 
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signal as inputs to convert the signal to a lower frequency IF signal. In this example, the 
stable timing signal is generated from the stabilizing system 110 and is used as an input 
to a local oscillator in the MCS 106 to generate a stable oscillator signal from the local 
oscillator. The stable oscillator signal is used along with the amplified communication 
5 signal as inputs to a converter that outputs the lower frequency IF signal. 

The MCS 106 converts the lower frequency IF signal to an optical signal. 
The MCS 106 then transmits the optical signal over fiber optic cable to the ORS 112. 

The ORS receives the optical signal and converts the optical signal to an 
electrical signal. The ORS 112 can be configured to transmit the electrical signal to 
1 0 another component or system, 
ju In another example, the WRS 104 receives a communication signal. In 

m 

Lu this example, the MCS 106 cannot handle the communication signal. Therefore, the 

iy WRS 104 transmits the communication signal to the RCS 108. 

[7 The RCS 108 receives the communication signal and converts the 

15 communication signal to an optical signal. The RCS 108 then transmits the optical signal 
over fiber optic cable to the ORS 112. 

The ORS 112 determines that an optical signal is being received from the 
RCS 108 and receives the optical signal. The ORS 112 converts the optical signal to an 
electrical signal. The ORS 112 then can transmit the electrical signal to another 
20 component of the wireless communication system 102 or to another system. In other 
examples, the RMCS 106 and the RCS 108 do not convert the optical signal to an 
electrical signal before transmitting it. 

Figure 2 illustrates an exemplary embodiment of an expanded wireless 
communication system of the present invention. The wireless communication system 
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102 A of Figure 2 comprises an antenna 202, a filter 204, a main signal converting system 
206, a redundant signal converting system 208, an optical receiving system 210, and a 
stabilizing system 212. 

The antenna 202 comprises any receiver configured to receive 
communication signals. Typically, the antenna 202 receives communication signals at a 
high frequency. The antenna 202 can be lightening protected. Preferably, the 
communication signals are received, for example, at approximately between 1.7-2.7 GHz. 
Other frequencies ranging above and below can be received. 

The filter 204 limits the bandwidth of the receivable communication 
signals. The filter 204 blocks emissions and other communication signals that are close 
in frequency to the desired receiving frequency, but are not the desired frequency. For 
example, when the wireless communication system 102 A is used to receive MMDS 
communication signals, the blocked emissions include PCS communication signals, WCS 
communication signals, and radar emissions. Preferably, the filter 204 comprises a band 
pass filter. 

The main signal converting system 206 and the redundant signal 
converting system 208 each can receive the communication signals from the filter 206 
and convert the communication signals to optical signals. The main signal converting 
system 206 is the primary default signal converting system, and the redundant signal 
converting system 208 is the backup signal converting system used when the main signal 
converting system cannot be used for a particular signal. The main signal converting 
system 206 and the redundant signal converting system 208 each comprises a low noise 
amplifier (LNA) 214 or 216, a low noise block converter (LNB) 218 or 220, and a fiber 
optic transmitter (FOT) 222 or 224. 

10 
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The LNAs 214 and 216 amplify the communication signal received from 
the filter 204. The LNAs 214 and 216 amplify the communication signal because signal 
loss occurs as the signal is transmitted over communication lines and/or through 
components of the wireless communication system 102 A, such as the LNBs 218 and 220, 
5 so that there is zero gain. The LNAs 214 and 216 must amplify the communication 
signal to a threshold level so that the LNBs 218 and 220 are able to recognize and convert 
the communication signal. This threshold level sometimes is a level above the noise 
threshold of the receiving antenna. 

The LNAs 214 and 216 are used to amplify the signal near the antenna 
10 because, when done near the antenna, proportionately more of the communication within 
the communication signal is amplified over noise. If, for example, the communication 
yj signal was amplified at the base of the tower, proportionately more noise would be 

TU amplified than near the antenna. In addition, the performance of the FOT receiver is 

a 

improved when the communication signal is amplified in the LNA 214 or 216 and prior 
1 5 to its conversion from a high frequency signal to a lower intermediate frequency signal. 
q The LNBs 218 and 220 convert the communication signal from a high 

frequency signal to a lower IF signal. The IF signal has less loss than a high frequency 
signal when it is transmitted over a distance through cable, components, or another 
communication medium. The LNBs 218 and 220 are placed after the LNAs 214 and 216 
20 so that the communication signals can be converted to a lower frequency before they are 
transmitted. This lowers loss that may be experienced during transmission over non-fiber 
optic components to the base of the tower. 

The LNBs 218 and 220 operate as mixers and down converters. The 
LNBs 218 and 220 receive as inputs the high frequency signal from the LNAs 214 and 
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216, respectively, and a lower frequency stabilized oscillator signal from a stabilized 
local oscillator (see below). The difference of the two signals is used as the IF signal. 

Because the stabilized oscillator signal remains at, and does not drift from, 
the desired frequency (see below), the IF signal output from the LNBs 218 and 220 
5 remains at a desired frequency. Whereas, in prior systems, a signal output from a block 
converter or a mixer drifted from a desired frequency because the input to the block 
converter or the mixer came from a local oscillator that was not stable and constant at a 
desired frequency. 

The FOTs 222 or 224 receive the IF signal from the LNB 218 or 220, 

/fl 10 respectively, and convert the IF signal from an electrical IF signal to an optical signal. In 
SI 

fd, addition, the FOTs 222 and 224 transmit the optical signal over a fiber optic cable. 

03 

Lu Preferably, the FOTs 222 and 224 transmit the optical signal as a 44 MHz optical IF 

i J signal over fiber optic cable. 

is 

a t 

The optical receiving system 210 receives the optical signal from the FOT 

pj 15 222s and 224. The optical system 210 may convert the optical signal to an electrical 

O 

q signal. Preferably, the optical receiving system 210 comprises a dual FOT receiver and 

selector (DFRS) 226. 

The DFRS 226 determines if one or more optical signals are being 
transmitted from either the main signal converting system 206 or the redundant signal 
20 converting system 208 and selects the active signal for reception. Since one stream of 
optical signals typically will be actively transmitted from the FOT 222 or 224 at one time, 
the DFRS 226 determines if an active optical signal is being transmitted from one of the 
FOTs 222 or 224 and selects the active optical signal for reception. The DFRS 226 
receives the optical signals at a fiber optic receiver. It is preferred to have unity gain 
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between the FOTs 222 or 224 and the DFRS 226 such that the optical signal is received at 
the DFRS at the same level at which it was transmitted from the FOTs. 

The DFRS 226 also can convert the optical signals to electrical signals. 
Preferably, the DFRS 226 converts the optical signals to 44 MHz electrical signals. 
5 However, the DFRS 226 can be configured to transmit optical signals without converting 
them. 

It will be appreciated that other frequency signals may be received or used. 
Thus, the communication signal can be other than an MMDS signal and can be amplified 
to a greater or lesser extent than described above. In addition, the communication signal 
10 and the optical signal can be converted to a frequency higher or lower than that described 
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The stabilization system 212 stabilizes the local oscillator that provides an 
input to the LNBs 218 and 220, preferably with a stable timing signal, such as a GPS 
timing signal. The stabilization system 212 of Figure 2 also provides power to the main 

15 and redundant converter systems 206 and 208. The stabilization system 212 comprises a 
timing source 230, a transformer 232, an inserter 234, a distributor 236, and a stabilized 
local oscillator 238. Optionally, the stabilization system 212 may include an external 
GPS receiver 240, a suppressor 242 at the base of the tower, and a suppressor 244 at the 
mid or upper portion of the tower. 

20 The timing source 230 generates a stable timing signal, such as a GPS 

based timing signal. The GPS timing signal has a timing component that is very 
accurate. This timing component is based on timing from atomic clocks in the GPS 
satellites that are synchronized so that the timing can be used for precise measurements. 
It is this timing component that is used for the GPS timing signal. Preferably, the timing 

13 



o 

ffl 
s 1 1 



Sprint Docket 1437 

source 230 generates a 10 MHz GPS pulse. The timing source 230 may have a backup 
timing source if the primary timing source fails. 

It will be appreciated that a stabile timing signal other than a GPS timing 
signal may be used so long as its accuracy is dependable. Also, a stabile timing source 
5 other than the timing source 230 may be used. In some embodiments, for example, the 
wireless communication system 102 can use a rubidium oscillator timing source or a long 
range aid to navigation (LORAN) timing source to generate a stable timing signal. 

The transformer 232 transforms power received from a power source to a 
power level that can be transmitted up the tower. The transformer 232 can be configured 
10 to transform the received power as an alternating current (AC) and/or a direct current 
(DC). 

Preferably, the transformer 232 transforms a 1 10 volt (V) source to a 24 V 
HJ alternating current (AC) signal and transmits the 24 VAC signal to the inserter 234. The 

r 1 AC power helps reduce electrolysis that can occur on components of the wireless 

|ss§: 

Inj \ 

^ 15 communication system 102 A. Electrolysis occurs when connectors or pieces of 
q equipment corrode due to oxidation. This electrolysis can occur with greater rapidity 

when a DC power source is used because ionic flow occurs in a single direction of the 
direct flow of current causing polarization of water molecules, thereby increasing 
oxidation. When AC power is used, electrolysis is lessened because there is no molecular 
20 disassociation in a single direction of current flow since the current alternates frequency. 
Alternately, it is preferred that the transformer 232 transforms a 110 V source to a 24 
VDC signal and transmits the 24 VDC signal to the inserter 234. 

The inserter 234 receives power from the transformer 232 and a stable 
timing signal from the timing source 230. The inserter 234 then transmits the power and 
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the stable timing signal over a transmission medium 246 capable of carrying the power, 
such as a thin coax cable. In one embodiment, the inserter 234 receives 24 VDC power 
from the transformer 232 and a 10 MHz GPS pulse as the stable timing signal and 
transmits the power and the GPS timing signal over coax cable. In another embodiment, 
the inserter 234 receives 24 VAC power from the transformer 232 and a 10 MHz GPS 
pulse as the stable timing signal and transmits the power and the GPS timing signal over 
coax cable. Other transmission mediums may be used. 

Alternately, the transmission medium 246 may be two or more different 
transmission lines. In this case, the inserter 234 can distribute power on one or more 
transmission lines and the stable timing signals on one or more other transmission lines. 
In addition, a combination of power and stable timing signals may be transmitted on one 
or more transmission lines. 

The distributor 236 operates as a reverse inserter to remove power from 
the transmission medium 246 and to distribute the power to the LNAs 214 and 216, the 
LNBs 218 and 220, the FOTs 222 and 224, and the stabilized local oscillator 238. The 
distributor 236 also may be configured to distribute power to the filter 204. 

The stabilized local oscillator 238 generates a stabilized oscillator signal 
as its output. The stabilized local oscillator 238 transmits the stabilized oscillator signal 
to the LNBs 218 and 220. 

The stabilized oscillator signal is stabilized by a stable timing signal, such 
as a GPS timing signal, generated from the timing source 230. This GPS timing signal is 
received as an input into the stabilized local oscillator 238 and enables the stabilized local 
oscillator and its oscillations to be synchronized with a very accurate timing source, i.e. 
the timing source. Since the input to the stabilized local oscillator 238 is stable and 
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accurate, the output of the stabilized local oscillator remains stable. The output of the 
stabilized local oscillator 238 essentially is phase locked by the GPS timing signal to a 
stable and accurate frequency. Thus, the output of the stabilized local oscillator 238 does 
not drift from, and remains at, the desired frequency. This is an advance over prior 
5 systems in which the frequency of the local oscillator drifted, thereby causing the output 
of the local oscillator to drift. 

The external GPS receiver 240 receives timing signals from an external 
timing source and generates the timing signals to the timing source 230. The external 
GPS receiver 240 may include an antenna. The external GPS receiver 240 is optional and 
10 may not be needed if an external timing source is not used. 

Preferably, the external GPS receiver 240 receives GPS signals from 
satellites or another GPS source and generates the GPS timing signal to the timing source 
230. The external GPS receiver 240 may include an antenna. The external GPS receiver 
240 is optional, and another GPS timing signal generator may be used. Alternately, if a 
15 stable timing source other than a GPS timing source is used, the external GPS receiver 
can be replaced with that stable timing source or excluded. 

The suppressors 242 and 244 suppress electrical interference created by 
lightning and other sources. This reduces the possibility of components at the mid and 
upper portions of a tower and the base of the tower from being damaged from lightning 
20 and other electrical interference. The suppressors 242 and 244 are optional. 

The antenna 202, the filter 204, the LNAs 214 and 216, the LNBs 218 and 
220, the FOTs 222 and 224, the stabilized local oscillator 238, and the distributor 236 
typically are at the upper portion 248 of a tower. The DFRS 226, the timing source 230, 
' the transformer 232, the inserter 234, and the external GPS receiver 240 typically are at 
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the base 250 of the tower. The fiber optic cables from the FOTs 222 and 224 may be the 
fiber optic cables 252 and 254 or other optical fibers. 

The wireless communication system 102 A of Figure 2 operates as follows. 
In a first example, the transformer 232 transforms a 110 V power source to a 24 VAC 
5 power source and transmits the 24 VAC power to the inserter 234. 

In addition, the external GPS receiver 240 receives GPS signals from a 
GPS source. The external GPS receiver 240 transmits the GPS signals as GPS timing 
signals to the timing source 230. 

The timing source 230 generates a stable GPS timing signal to the inserter 
10 234. If the external GPS receiver 240 fails and is unable to transmit the GPS timing 

M 

m signals to the timing source 230, the timing source will generate to the inserter 234 a 

m 

id stable timing signal based upon prior received GPS timing signals or another stable 

ru timing source, such as a rubidium oscillator timing source. 

3 

The inserter 234 receives the GPS timing signal from the timing source 
S^j 15 230 and receives the 24 VAC power from the transformer 232. The inserter 234 
p transmits the GPS timing signal and the 24 VAC power on a transmission medium 246 

capable of handling the GPS timing signal and the 24 VAC power. 

In this example, the inserter 234 transmits the GPS timing signal as a 10 
MHz timing pulse and the 24 VAC power source over the transmission medium 246. In 
20 this example, the transmission medium 246 is a coax cable. 

The distributor 236 pulls the 24 VAC power from the transmission 
medium 246 and distributes the 24 VAC power to the LNA 214, the LNB 218, the FOT 
222, and the stabilized local oscillator 238. In addition, the distributor 236 can distribute 
the 24 VAC power to the filter 204. It will be appreciated that, although the redundant 
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signal converting system 208 is not used in this example, the distributor 236 also can be 
configured to distribute the 24 VAC power to the LNA 216, the LNB 220, and the FOT 
224. 

The stabilized local oscillator 238 receives the GPS timing signal. The 
GPS timing signal is used as an input timing pulse into the stabilized local oscillator 238 
to generate as an output to the LNB 218 a stabilized oscillator signal having a stable 
frequency. It will be appreciated that in other examples, the stabilized local oscillator 238 
also generates the stabilized oscillator signal to the LNB 220. 

The antenna 202 receives a communication signal. The filter 204 receives 
the communication signal from the antenna 202 and blocks any emissions or other 
communication signals outside of the frequency desired for the communication signal. In 
this example, the main signal converting system 206 is able to process the wireless 
communication. Therefore, the filter 204 transmits the communication signal to the LNA 
214 for the main signal converting system 206. 

The LNA 214 receives the communication signal from the filter 204 and 
amplifies the communication signal. The LNA transmits the communication signal to the 
LNB 218. 

The LNB 218 receives the communication signal from the LNA 214 and 
receives the stabilized oscillator signal from the stabilized local oscillator 238. The LNB 
218 mixes the communication signal with the stabilized oscillator signal and generates 
the difference between the communication signal and the stabilized oscillator signal as an 
IF signal. The LNB 218 transmits the IF signal to the FOT at approximately a 44 MHz 
center frequency. 



18 



Sprint Docket 1437 

The FOT 222 receives the IF signal from the LNB 218 and converts the IF 
signal to an optical signal. In this example, the FOT 222 transmits the optical signal as a 
44 MHz optical IF signal over fiber optic cable from the upper portion 248 of the tower to 
the DFRS 226 at the base 250 of the tower. It will be appreciated that the DFRS 226 may 
be located within a distance of the actual base 250 of the tower and not at the actual base 
of the tower. In this example, the DFRS 226 is located 50 meters from the actual base 
250 of the tower. In other examples, the DFRS 226 may be located at the actual base 250 
of the tower or at a greater or lesser distance from the actual base of the tower. 

The DFRS 226 determines whether an optical signal is being received over 
the fiber optic cable 252 of the main signal converting system 206 or the fiber optic cable 
252 of the redundant signal converting system 208. The DFRS 226 determines that an 
active optical signal is being transmitted over the fiber optic cable 252 from the FOT 222 
of the main signal converting system 206. The DFRS 226 receives the optical signal over 
the fiber optic cable 252 from the FOT 222. 

The DFRS 226 also converts the optical signal to an electrical signal. In 
this example, the DFRS 226 converts the optical signal to an electrical 44 MHz IF signal. 
The DFRS 226 then transmits the electrical signal to another component of the wireless 
communication system 102 A. 

In a second example, the antenna 202 receives a communication signal 
along with other emissions and communications outside of the frequency of the desired 
frequency of the signal. The antenna 202 transmits the communication signal, the 
emissions, and the other communications to the filter 204. 

The filter 204 receives the communication signal, the emissions, and the 
other communications from the antenna 202. The filter 204 filters out the emissions and 
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the other communications so that only the desired communication signal remains. The 
filter 204 determines whether to transmit the communication signal to the LNA 214 of 
the main signal converting system 206 or the LNA 216 of the redundant signal converting 
system 208. 

In this example, the communication signal is transmitted from the filter 
204 to the LNA 216 of the redundant signal converting system 208. In this example, the 
main signal converting system 206 is not working. 

The LNA 216 receives the communication signal from the filter 204. The 
LNA 216 amplifies the communication signal and transmits the communication signal to 
the LNB 220. 

While the antenna 202 is receiving the signal, the stable timing signal and 
the power are being transmitted from the base 250 of the tower to the upper portion 248 
of the tower. In this example, the external GPS receiver 240 is not present. 

The timing source 230 generates a stable timing signal to the inserter 234. 
In addition, the transformer 232 generates power to the inserter 234. The inserter 234 
receives the stable timing signal from the timing source 230, receives the power from the 
transformer 232, and transmits the stable timing signal and the power over the 
transmission medium 246. In this example, the transmission medium comprises two 
cables. One of the cables carries the stable timing signal, and the other cable carries the 
power. In this example, suppressors 242 and 244 are located at the base 250 of the tower 
and the upper portion 248 of the tower, respectively. 

The distributor 236 receives the power over the transmission medium 246. 
The distributor 236 distributes the power to the LNAs 214 and 216, the LNBs 218 and 
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220, the FOTs 222 and 224, and the stabilized local oscillator 238. It also may supply 
power to the filter 204. However, the filter 204 may be passive. 

The stabilized local oscillator 238 receives the stable timing signal from 
the transmission medium 246. The timing pulses from the stable timing signal are used 
as inputs to the stabilized local oscillator 238 to generate as its output a stable oscillator 
signal having a consistent, accurate, and desired frequency. The stable oscillator signal is 
delivered to the LNBs 218 and 220. It will be appreciated that, in this example, the 
power and the stabilized oscillator signal are distributed to both the main signal 
converting system 206 and the redundant signal converting system 208. 

The LNB 220 receives the communication signal from the LNA 216 and 
receives the stabilized oscillator signal from the stabilized local oscillator 238. The LNB 
220 mixes the communication signal and the stabilized oscillator signal and generates the 
difference of the communication signal and the stabilized oscillator signal as a lower 
frequency IF signal to the FOT 224. 

The FOT 224 receives the IF signal from the LNB 220 and converts the IF 
signal to an optical signal. The FOT transmits the optical signal over fiber optic cable 
254 to the DFRS 226. 

The DFRS 226 polls the fiber optic cables 252 and 254 from the main 
signal system 206 and the redundant signal converting system 208. The DFRS 226 
determines that an optical signal is being transmitted over the fiber optic cable 254 from 
the FOT 224 of the redundant signal converting system 208. 

The DFRS 226 receives the optical signal over the fiber optic cable 254 
from the FOT 224 and converts the optical signal to an electrical signal. The DFRS 226 
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transmits the electrical signal to another system or to another component of the wireless 
communication system 102 A. 

In another example, the timing source 230, the external GPS receiver 240, 
and the redundant signal converting system 208 are not present. In this example, the 
inserter 234 transmits power over the transmission medium 246. The distributor 236 
receives the power and distributes the power to the LNA 214, the LNB 218, and the FOT 
222. In this example, the stabilized local oscillator 238 resides within the LNB 218. 

A communication signal is received by the antenna 202 and transmitted to 
the filter 204. The filter 204 filters the communication signal and transmits the 
communication signal to the LNA 214. 

The LNA 214 amplifies the communication signal and transmits the 
communication signal to the LNB 218. The LNB 218 converts the communication signal 
from a higher frequency to a lower frequency IF signal and transmits the IF signal to the 
FOT 222. 

The FOT 222 receives the IF signal from the LNB 218 and converts the IF 
signal to an optical signal. The FOT 222 transmits the optical signal over a fiber optic 
cable 252 to the DFRS 226. 

The DFRS 226 receives the optical signal over the fiber optic cable 252. 
The DFRS 226 transmits the optical signal to another component in the wireless 
communication system 102 A or to another system. 

Figure 3 illustrates an exemplary embodiment of an alternative wireless 
communication system. The wireless communication system 102B of Figure 3 comprises 
the antenna 202, the filter 204, the LNA 214, the LNB 218, the FOT 222, the transformer 
232, the distributor 236, the stabilized local oscillator 238, the suppressors 242 and 244, 
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and the transmission medium 246 of Figure 2. The wireless communication system 102B 
also comprises a timing source 230A, an inserter 234A, and a FOT receiver 302. The 
components of the wireless communication system 102B operate the same as the 
components of the wireless communication system 102 A of Figure 2 except for the 
5 following. 

The stabilized local oscillator 23 8 A operates the same as the above 
described stabilized local oscillator 238 of Figure 2. It will be appreciated that the 
stabilized local oscillator 23 8 A may be internal or external to the LNB 218. If the 
stabilized local oscillator 238A is internal to the LNB 218, the distributor 236 need not 

O 

. n 1 0 separately distribute power to the stabilized local oscillator. 

y, The timing source 230A is mounted at the upper portion 248 of the tower. 

53 

Ly The timing source 230A transmits the stable timing signal to the stabilized local oscillator 

W 238A. 

The timing source 230A generates a stable timing signal, such as the GPS 
15 based timing signal described above. If the timing source 230A is to generate a GPS 
timing signal, then the timing source will be equipped with an external receiver, such as 
the external GPS receiver 240 of Figure 2, that is configured to receive GPS signals from 
satellites or from another GPS source. In this instance, the timing source 230A generates 
an accurate GPS timing signal, preferably a 10 MHz, GPS referenced pulse. Alternately, 
20 the timing source 230A can be configured to generate a stable timing signal other than a 
GPS timing signal. Examples of timing sources that may generate a stable timing signal 
include a LORAN timing source and a rubidium oscillator timing source. 

The inserter 234A receives power from the transformer 232 and transmits 
the power over the transmission medium 246. The inserter 234A may transmit any 
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appropriate power level over the transmission medium 246, such as 24 VAC power or 24 

VDC power. Other power levels may be used. 

The FOT receiver 302 receives optical signals from the FOT 222 via the 

fiber optic cable 252. The FOT 302 also can be configured convert the optical signals to 

5 electrical signals. However, the FOT receiver 302 can be configured to transmit optical 

signals without converting them. 

The wireless communication system 102B of Figure 3 operates as follows. 

In a first example, the transformer 232 transforms an input power source to 24 VDC 

power and transmits the 24 VDC power to the inserter 234A. The inserter 234A 

10 transmits the 24 VDC power over the transmission medium 246. In this example, the 

g-t transmission medium 246 is thin coax. The distributor 236 receives the power over the 

SS 

Lu transmission medium 246 and distributes the power to the LNA 214, the LNB 218, the 

FOT 222, and the stabilized local oscillator 238A. It will be appreciated that other 
methods and components may be used to distribute the power to the components at the 
1 5 upper portion 248 of the tower. 

The timing source 230A receives GPS signals and generates a GPS timing 
signal to the stabilized local oscillator 23 8 A. In this example, the timing source 23 OA 
generates a 10 MHz timing pulse to the stabilized local oscillator 23 8 A. One or more 
timing pulses may be generated as the stable timing signal. 
20 The stabilized local oscillator 23 8 A receives the stable timing signal as an 

input and uses the stable timing signal to generate a stable oscillator signal with a stable 
frequency as an output. This output frequency does not drift from, and remains at, a 
desired frequency. The stabilized local oscillator 23 8 A transmits the stabilized oscillator 
signal to the LNB 218. 
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Concurrently, a communication signal is received at the antenna 202. The 
antenna 202 transmits the communication signal to the filter 204. The filter 204 filters 
the communication signal and transmits the communication signal to the LNA 214. 

The LNA 214 amplifies the communication signal and transmits the 
5 communication signal to the LNB 218. The LNB 218 receives the communication signal 
from the LNA 214 and receives the stabilized oscillator signal from the stabilized local 
oscillator 238 A. The LNB 218 mixes the communication signal with the stabilized 
oscillator signal to generate a lower frequency IF signal as its output. The LNB 218 
transmits this EF signal to the FOT 222. 
10 The FOT 222 receives the IF signal from the LNB 218 and converts the IF 

signal to an optical signal The FOT 222 then transmits the optical signal over the fiber 
optic cable 252. 

The FOT receiver 302 receives the optical signal over the fiber optic cable 
252 and converts the optical signal to an electrical signal. The FOT receiver 302 then can 

15 transmit the electrical signal to another component of the wireless communication system 
102B or to another system. 

In another example, the transformer 232 transforms an input power source 
to 24 VAC power and transmits the 24 VAC power to the inserter 234A. The inserter 
transmits the 24 VAC power over the transmission medium 246. In this example, the 

20 transmission medium 246 is thin coax. The distributor 236 receives the power over the 
transmission medium 246 and distributes the power to the LNA 214, the LNB 218, the 
FOT 222, the timing source 230A, and the stabilized local oscillator 238A. It will be 
appreciated that other methods and components may be used to distribute the power to 
the components at the upper portion 248 of the tower. 
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The timing source 230A generates a stable timing signal to the stabilized 
local oscillator 23 8 A, In this example, the timing source 230A does not generate a GPS 
timing signal to the stabilized local oscillator 23 8 A. 

The stabilized local oscillator 23 8 A receives the stable timing signal and 
generates a stabilized oscillator signal as an output. The stabilized local oscillator 23 8 A 
transmits the stabilized oscillator signal to the LNB 218. 

Concurrently, a communication signal is received at the antenna 202. The 
antenna 202 transmits the communication signal to the filter 204. The filter 204 filters 
the communication signal and transmits the communication signal to the LNA 214. 

The LNA 214 amplifies the communication signal and transmits the 
communication signal to the LNB 218. The LNB 218 receives the communication signal 
from the LNA 214 and receives the stabilized oscillator signal from the stabilized local 
oscillator 23 8 A. The LNB 218 mixes the communication signal with the stabilized 
oscillator signal to generate an IF signal as its output. The LNB 218 transmits this IF 
signal to the FOT 222. 

The FOT 222 receives the IF signal from the LNB 218 and converts the IF 
signal to an optical signal. The FOT 222 then transmits the optical signal over the fiber 
optic cable 252. 

The FOT receiver 302 receives the optical signal over the fiber optic cable 
252. The FOT receiver 302 transmits the optical signal to another component of the 
wireless communication system 102B or to another system. 

Those skilled in the art will appreciate that variations from the specific 
embodiments disclosed above are contemplated by the invention. The invention should 
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not be restricted to the above embodiments, but should be measured by the following 
claims. 
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